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By the plating of fragments from complex tumors onto the subcutaneous 
expanses  of mice,  multifarious  neoplastic  components of  these  tumors  were 
separated, and then propagated separately. The newly plated fragments, stuck 
on the fascia, were maintained by tissue fluid, for only after many days did the 
growths from them become vascular. During this early period, conditions were 
like those in vitro when plating is done on agar overlaid by a nourishing fluid. 
But only sizable (and therefore multicelled) fragments gave rise to segregated 
growths: single cells in isolation perished (1).  So the separation of neoplastic 
components remained capable of refinement. 
By the plating of individual tumor cells a finer separation could be achieved 
but only if conditions on the subcutaneous expanses (2) were altered to allow es- 
tablishment and growth of single-celled grafts. 
The work to be reported here was done in the attempt to find a way of grow- 
ing all entire population of neoplastic cells individually, for only thus can the 
full complexity of a tumor be assessed. Single cells were plated in place of multi- 
celled fragments, as will be described in the first section of the present paper. 
This done, plating provided a means of showing that the new host's connective 
tissue was rendered more receptive by splitting it beforehand, as described in 
the second section. And, as described in the third section, it provided an assay 
of nourishment given by liver preparations to the plated cells while they awaited 
establishment of a stroma. 
Materials and Methods 
Misc.--All  came from the notably homogenons C  strain colony maintained for many 
years in this laboratory. 
Tumor.--A single, complex,  mammary cancer (MT 296) was employed throughout. This 
had arisen in an old breeding female. It was always transplanted by plating, the entire tumor 
growth in a single mouse  being used for each transfer. By this means, the heteromorphic  char- 
mer of the original was preserved through the many generations of the transplanted neo- 
plasm. 
Cell Suspension.--Tumors, excised from mice killed with chloroform,  were hashed with 
sharp scalpels until no fragment exceeded 1 mm  s and most were much smaller. The hash was 
suspended in a divalent-cation-free  modification  of Esrle's solution containing in 1 liter: 6.8 g 
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NaC1; 0.4 g KCl; 0.2 g NaH2PO4 •  H20; 2.2 g NaI-ICO3; and 3.0 g dextrose (3) henceforth called 
E solution. To this, trypsin  1 was added, the resulting unfiltered 0.25% trypsin suspension being 
called, henceforth, T  solution. The suspended hash, usually about 4 g tumor tissue in 12 co of 
T  solution, was agitated at 37°C with a  magnetic stirrer. After 30 rain, cells were harvested 
through the 50 #  apertures of a  Monel metal sieve  2 and collected in an iced test tube. The 
tumor fragments held back by the sieve were resuspended in 12 cc of fresh T  solution at 37°C 
and agitated for further hourly periods, each punctuated by sieving, harvesting, and resus- 
pending. The suspension which passed through the sieve after the 4th hr of agitation in T solu- 
tion was the one usually used. The cells and small clumps in it were precipitated by centrifuge 
(500 g for 10 rain) while kept near 0°C. The trypsinous supemate was decanted and replaced 
by another calcium-free modification of Earle's solution which contained magnesium. This 
modification is  the salt component of  Eagle's  minimmn essential medium  for  suspension 
culture cont~i~ng in one liter: 6.8 g NaC1; 0.4 g KC1; 0.2 g MgC12 • 6H20; 1.5 g NaH~PO4 •  H20; 
2.0 g NaHCO3; and 1.0 g dextrose (4). It will be called in this paper Spinner mlt solution or 
SS solution. The precipitate, a white, slimy clot, was shaken, by hand, in the SS solution at 
37°C, until the opacity of the new suspension had been brought to a maximum by cells shaken 
free. Then the clot itself was removed through a  pipette, and deoxyribonuclease  3 (DNase) 
0.04% in SS solution was added to dissolve slimy remnants in the suspension. 
F//t~rs.--The cell suspension was passed through porous steel tubes  4 of 20 and 10 #  pore 
size seriatim and then through a sieve  5 of porous steel with 5 # apertures.  6 Passage through the 
5/~ sieve was speeded by increased air pressure as required and this sieve had to be back- 
flushed with DNase in SS solution to preserve its usefulness. A small sample of the final sus- 
pension was mixed with an equal volume of trypan blue,  ~ 0.25% in isotonic saline, and its 
cells were counted in a hemocytometer. The suspension as a whole was carefully searched with 
a microscope to make certain that only individual cells were there. 
SpliUing the Subc~neo~s Tiss~.--A slit was made through the clipped and cleansed skin 
on the mouse's dorsal mid-line, just between its scapulae. A blunted, 19 gauge needle, 1~ in. 
long, was introduced through this, passed backwards in the dorsal mid-fine space between pelt 
and body wall and gripped through the skin near the sllt by a rubber-covered clip. Through it 
was forcibly injected 1 cc of E solution and 5 ec of air which, prevented by the clip from escap- 
ing along the needle track, split the subcutaneous tissue widely and symmetrically over the 
back. After 30 sec clip and needle could be removed without loss of air but this was drawn 
off through a sharp 19 gauge needle after 15 rain. 
PloAing tt~ Cdl Suspension.--For  each mouse 1 cc of cell suspension and 5 cc of air were 
drawn through a 19 gauge, blunt-bevelled needle, 3 in. long, into a syringe with a conical metal 
plunger which could deliver all its contents. Then, with the mouse held almost horizontally, 
the tip of the needle was introduced by way of a skin slit above the back of the knee, through 
the posterior thigh muscle, into the subcutaneous plane of the dorsal mid-line. The slope of 
mouse and syringe was adjusted so that the meniscus of the suspension just crossed the nozzle 
of the syringe containing it. Forcible injection thus resulted in a fine, cell-laden spray drench- 
1 Trypsin 1: 250, Dlfco Laboratories Inc., Detroit, Mich. 
2 Made in the Rockefeller University Instrument Shop. 
Deoxyribonuclease 1 (beef pancreas) 1 X  crystallized, Worthington Biochemical Corpora- 
tion, Freehold, N.J. 
4 Immersion type filter tubes, grades F and G, Scientific Glass Apparatus Co., Inc., Bloom- 
field, N.J. 
6 Made in the Rockefeller University Instrument Shop. 
6 PSS porous stainless steel, Micro Metallic Division of the Pall Corporation, Glen Cove, 
N.Y. 
7 Trypanblau, Dr. G. Grubler & Co., Leipzig, Germany. JAMES  S.  IKENDERSON  73 
ing the subcutaneous  expanses from which the air was removed after 30 rain, through a thin, 
sharp needle. 
Records.--The size and position of tumors, easily seen through closely-clipped, albino skin, 
were recorded from cellophane tracings. When mice could be killed, more tracings were made 
with the loose, overlying skin removed. Selected tumors were fixed in Zenker's solution and 
sections stained with eosin and methylene blue. 
The three separate approaches employed in attempting to refine the implants 
and increase the yield from them will be described in the next three sections of 
this paper. 
I.  Breaking  the  Tumor Fragments  into  Individual  Cells 
Total  cellular analysis of  the  tumor,  the  aim  of this  work,  demands  that 
every cell be rendered separate while none is made less transplantable in the 
process. Boyse's (8) and Madden and Burk's (3) methods were the ones from 
which I  borrowed most heavily. The usefulness of all departures from earlier 
work was  made  clear in  preliminary experiments  when  tumor  aliquots  were 
prepared in various ways and the number of clumps and single cells, stainable 
with trypan blue and stain-resistant, were counted in a  hemocytometer cham- 
ber. 
Two such experiments are now interposed for the light they shed on the problem in- 
volved. As they were done before the procedure was fully developed, they are not in 
accord with Materials and Methods. The first deals with the solutions in which the 
tumor fragments are suspended and the second with the use of enzymes. 
Preliminary Experiments with Different Suspending Solutions.--Locke's solution  (L 
solution) sufficed in the original plating when tumor fragments just large enough to be 
seen were selected and when there was no interest in increasing the number of single 
cells, which were unwelcome contaminants at that time (1). A calcium-free solution 
was sought when the aim shifted to the procurement of isolated cells, for the role of 
calcium in their cohesion is well known. The modification of Earle's solution (E solu- 
tion) used by Madden and Burk for the same purpose (3), was tested. 
Experiment 1. Suspending the hashed tumor, in L solution or in E solution: Tumor tissue, all 
from one mouse, was hashed with sharp knives. Thus thoroughly mixed it was then divided into 
two aliquots of 3 g. One of these was suspended in 10 cc of L solution and the other in 10 cc of 
E solution. Each suspension was poured separately into the Monel metal sieve of 50 tt aper- 
tures. The filtrates  were collected: the residues were hashed finer, resuspended in 10 fresh cc of 
the appropriate solution and sieved again. This was repeated until a family of sieved prepara- 
tions, generated by finer and finer hashing of persistant tumor fragments, had been collected 
for each of the solutions. 
Table I  shows typical results for MT 296 in an early and a later transplant genera- 
tion. Every cell resistant to the stain cannot be assumed viable but every stainable 
one is beyond transplantability (5). It is clear that mere suspension in E solution per- 
mits more ready separation of the cells. The cell clumps passing the sieve at once are 
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TABLE I 
Tumor Cdl Counts 
(Millions of cells per gram of tumor, in aliquot filtrates passing through the 50/~ sieve) 
After  hashing  and then  suspension  ..... 
Stain-resistant single cells 
Stained single cells 
Clumps X  No. of cells in average clump 
After finer hashing of residual  tumor fragments and 
resuspension... 
Stain-resistant single cells 
Stained single cells 
Clumps X  No. of cells in average clump 
After finest  hashing of residual  tumor fragments 
and  resuspension  ............. 
Stain-resistant single cells 
Stained single cells 
Clumps X No. of cells in average clump 
4th generation tumor 
In  L 
solution 
6 
66 
6X  50 
18 
108 
12  X  20 
9 
18 
3X  10 
28th generation tumor 
In E  In L 
solution  solution 
9  8 
87  70 
15  X  10  1 X  10 
30  1 
54  36 
12  X  5  1 X  10 
6  1 
24  44 
3X5  1X10 
InE 
solution 
10 
27 
2X  10 
8 
29 
2X5 
4 
12 
4X3 
after more hashing. And the single cells in E solution are isolated with less damage to 
themselves as evidenced by continued resistance to trypan blue stain. But it is dear too 
that finer hashing, in either solution, to reduce the size of persisting multicellular frag- 
ments  soon  brings  a  diminishing  yield  of  isolated,  stain-resistant  cells.  The 
total product of transplantable single cells from hashing is far short of that required 
for total cellular analysis. 
Preliminary Experiments with Enzymes.--With trypsin, Rous and Jones made sus- 
pensions of individual living cells from cultivated tissues (6) and Medawar freed epi- 
dermal cells from human skin (7). With trypsin and DNase, Boyse (8) and Madden 
and Burk (3) produced suspensions of viable cells from solid tumors. 
Experiment 2. Disconneaing  the cells, ~itk~t or with enzymes: An aliquot of tumor tissue 
was prepared, in E solution,  exactly as in Experiment I, about I0 rain  elapsing  between each 
sieving,  while a second aliquot  was prepared as  described under "cell  suspension" in Materials 
and Methods. 
Table II shows typical results from an early and a later generation of MT 296. 
The number of stain-resistant, isolated cells ultimately procured with trypsin 
far surpassed that  ever got by hashing,  although much more time had to be 
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TABLE  II 
Tumor Cell Counts 
(Millions of cells per gram of tumor, in aliquot filtrates passing through the 50 ~  sieve) 
Stain-resistant  single  cells 
Stained single  cells 
Clumps X No. of cells  in 
average clump 
Stain-reslstant  single  cells 
Stained single  cells 
Clumps X No. of  cells  in 
average clump 
Staln-reslstent  single  cell., 
Stained single  cells 
Clumps X No. of cells  in 
average clump 
18th generation tumor  29th generation tumor 
After hashing then 
suspending it in 
E  solution 
6 
14 
4XI0 
After finer  hashing 
of residual frag- 
ments  then  re- 
suspending in 
E solution 
II 
15 
6X3 
After hashing then 
agitating for 
hr in 
T solution 
25 
14 
IXIO 
After agitating re- 
sidual fragments 
for 2~ hr more in 
T solution 
25 
3 
3X2 
Longer trypsinlzation not done in early 
generations 
After hashing then 
suspending  it in 
E solution 
7 
38 
3XlO 
After finer  hashing 
of residual frag- 
ments  then  re- 
suspending in 
E solution 
6 
6O 
6×5 
After finest hashln8 
of residual frag- 
ments  then  re- 
suspending in 
E solution 
6 
33 
3×2 
After hashing then 
agitating for 
~hrin 
T solution 
9 
7 
1X10 
After  agitating  re- 
sidual  fragments 
for 1N hr more in 
T solution 
12 
11 
1×2 
After agitating  re- 
sidual  fragments 
for 2 hr more in 
T solution 
45 
17 
2X2 
of the trypsinized suspensions. But when the isolated  cells, whether stain-re- 
sistant or not, were  tallied for each  preparation it had to be inferred that 
trypsin had dissolved a number that would have been stainable. That this is 
the case can be demonstrated directly by the addition of trypan blue stain and 
then trypsin to a wet slide preparation of an E solution cell suspension (Figs. 
1 and 2). Dissolution of those cells succumbing did more than just improve the 
appearance of trypsinized suspensions in the hemocytometer: it made very fine 
filtration of the suspension easy and removed dead contaminants from the living 
cells. But might not the trypsin have damaged the stain-resistant cells too? 
And to what extent could the immutability by trypsin of the transplantable 
survivors be assured? 
Experiment 3. Prolonging the action of trypsin and flaring the consecut~re suspensions ob- 
tained: One aliquot of tumor tissue was hashed until, from previous experience, I  judged its 
yield of viable, isolated cells would be ma~inaum. It was then suspended in E  solution, filtered 
through the 50 #  sieve and the 10 #  falter  tube and plated into female weanling mice as de- 76  ADJUVATORS  TO  TUMOR  PLATING 
scribed under "plating  the cell suspension" in Materials and Methods. Another aliquot was 
prepared as described under "cell suspension." Successive filtrates through the 50/z sieve were 
collected and passed through the 10/z filter tube. Each of these preparations was then plated 
as the first had been. 
Text-Fig. 1 shows the number of stain-resistant cells in these filtrates and 
the tumor growth from them 4 wk after plating. Noting that the left half of 
the chart pertains to one half of the thoroughly mixed donor tumor tissue while 
the right half stems from an equal amount, you will see that the greater numeri- 
cal yieM from long trypsiniz~tion was reflected too in an increased harvest on 
plating. Comparing the top with the lower rows on the right you will see that 
the first ceUs to have been separated by trypsin did poorly and that the last to 
be freed, although by this  time their numbers were rapidly diminishing,  did 
best. Study of the bared tumors and of their sections, after the mice were killed 
at the end of 5 wk, showed that the distribution of the multifarious components 
of this complex tumor was the same in the several experimental compartments. 
An exposure to trypsin for much longer than usual failed to uncover any 
untoward effect on the transplantable cells, as judged from the tumors to which 
they gave rise on plating. The possibility that some or all of the tumors resulted 
not from transplantation but from transmission of mammary tumor virus was 
discounted by experiments in which the appropriate cell-free supernates proved 
ineffective. 
It was most convenient to use the cells separated during the 3-4 hr period of 
trypsinization. Suspensions for the experiments which follow were all so de- 
rived. 
Tumors had grown entirely from individual cells plated as such in Experi- 
ment 3. But the number of separate tumors arising was a minute fraction of 
the number of cells injected, and microscopic examination showed that many 
of the growths, while still small, had already become combines containing more 
than one component of the tumor. Clearly there had been much interaction be- 
tween neighboring ceils and coalescence of neighboring tumors. Might results 
be sharpened by the plating of fewer cells,  onto an expanse of the same size, 
thereby eliminating the initiation of mongrel tumors and postponing the coales- 
cence of previously pure ones? 
Experiment 4. Plagng  individual cells sparsely: A  5 tz filtered tumor cell suspension was 
plated, in tenfold dilutions, into S groups of female weanlings. About 2,000,000 individual cells 
were broadcast in each of the first group and about 200 in each of the last. Microscopical 
scanning of the suspension remaining confirmed this last number and showed that no cells had 
agglomerated meanwhile. 
By the 50th day, tumor could be seen through the skin of every mouse which 
received at least 200,000 cells, but in only 1 out of 10 which had received as few 
as 2000. By the 100th day, tumor could be seen in half of these 2000 cell recipi- .Further preparation  Cell count  *  Tumor growth t 
Aliquot A hashed finer, 
suspended in E solution, 
possed through 50p. 
sieve and lop. filter 
6  "~ 
Further  preparation  Cell count*  Tumor growth t 
~2 hr, then poured 
)e( 
Residue trypsinized  I 
I~'  2 hr more,  then poured  111  ) 
into 50 P. sieve: 
"  j/q/X~ 
ate  §-'-~"  30  \~  ~..~\v  ~,/ 
I b I  t:,,. 
4~  ' 'qNP 
j/~r',,~ JAFx, 
V'  ~\v  ,7 
Residue trypslnized  l!~J~ 
2 hr more, then  poured 
into 50p. sieve: 
..,_ 
Residue trypsinlzed   !i q ,lP 
2 hr more, then poured 
into 50/4, sieve: 
,o 
~" Cell count (millions of stain-resistant single cells per cc of lOp. filtrate) 
t  Tumor growth (at 27 days from I cc Of  lop. filtrate plated into each mouse) 
§ Filtrole resuspended  in Spinner salt solution  then passed through lOp. filter 
Tsxc-FIo. 1. (Experiment 3).  Cell counts and tumor growth from a  hashed and from a 
trypsinized aliquot of tumor. The number of single cells procured and the tumor growth there- 
from 27 days after plating them. On the left is the entire product from hashing half the donor 
tissue: on the right are the successive harvests as the other half was agitated with trypsin. 
The total yield by tryps'misation far exceeded that by hashing. Note also that the best growth 
came from the cells last freed by trypsin although few were then left to be given off by the 
donor tissue. 
77 78  ADJTJVATORS  TO TUMOR  PLATING 
ents and in 2 out of 10 which had received the least,  200. Dissection of tumor 
bearers throughout the course of the experiment showed that their large growths 
were combines of Smaller ones and  that,  in several instances  both early and 
late, smaller tumors persisted discrete from these where space allowed. The last 
combines to appear localized to one part  or other of the  expanses  and  none 
completely covered the back as did the coalescing masses of early tumors from 
denser suspensions. 
Sparser plating had yielded a  smaller crop of tumors, and their coalescence 
had  been postponed.  Tumors did grow from dilute  suspensions,  and  reached 
recordable size after longer delay as would be expected if they had arisen from 
smaller beginnings. But transplantation failed completely in half the mice which 
received 2000 plated cells and, in this experiment,  clonal growth from an indi- 
vidual cell could have been but an unpredictable and unrecognized event. Ad- 
uvators to isolated cell growth had to be sought. 
H.  Preparing the New Hosts' Subcutaneous Connective Tissue Expanses 
Plating of tumor fragments suspended in Locke's solution never gave rise to 
inflammation visible in the gross nor did the skin and body wall adhere although 
they were closely apposed again within 15 rain (1). Autopsy of mice in which 
for various  reasons  no tumors had  grown has  since shown that  the surfaces, 
once separated, remain disunited even beyond a year. But might there not have 
been some  changes in  the  recently split  connective tissue  which  would  help 
newly plated cells to establish  themselves on their exposed expanses? Experi- 
ments by Jones and Rous, who succeeded in implanting  tumor fragments on 
the usually refractory peritoneal  surface by irritating  this with diatomaceous 
earth, have long suggested that there might (9). 
Experiment 5. Spli~ng the connective tissue before plating: Identical groups of female wean- 
ling mice, whose dorsal subcutaneous tissue had been split at different intervals beforehand, 
as described under "splitting the subcutaneous tissue" in Materials and Methods, were plated 
with a 5/~ filtered suspension of tumor cells. Before any tumor was visible through carefully 
clipped skin, a mouse from each group was killed and immediately had its dorsal subcutaneous 
expanses stained by spraying Wright blood stain s and then distilled water through a 19 gauge 
needle piercing the overlying skin. With skin flaps then drawn to each side from a dorsal mid- 
line incision, the "marsupial"  lining was exposed as a delicate membrane stretched across the 
angles the flaps made with the body wall. At this stage the tumors were attached only to this 
membrane and were still discoid. Having stained dark blue they were easily visible with the 
mouse illumined from below. The situation of each was traced, then it was excised, placed in 
the appropriate position on a slide and examined microscopically. The first mice were killed 
on the 13th day. During the next 5 days as the tumors grew rapidly and some formed spheres 
visible through the skin, more mice were killed and stained. But two of each group were spared 
until their tumors had grown large. 
s Wright blood stain standardized  solution 740, Hartman-Leddon  Co., Inc., Philadelphia, 
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TExT-FIG. 2. (Experiment 5).  Results  of  plating  on  previously  prepared  subcutaneous 
expanses. The mice depicted here had had their dorsal subcutaneous expanses prepared, at 
different intervals beforehand, by injection there of 1 cc of E solution and 5 cc of air, the air 
being withdrawn after 15 min. Subsequently all were plated with the same 5/~ filtered sus- 
pension of trypsinized tumor cells. The tumors drawn in black, in mice 1-12, were made visi- 
ble by staining and exposure of the expanses at autopsy. The tumors drawn in dark grey later 
became visible through closely clipped skin in mice 13-24  let survive. It is clear that tumor 
growth from the million cells plated into each was greatest on the mice whose connective tissue 
had been split 1-4 days beforehand. And it will be seen how the sizable tumors which later 
showed through the skin resulted from coalescence  as well as growth of smaller ones. 80  ADJUVATORS TO  TUMOR PLATING 
Text-fig.  2  shows,  in black,  the  tumor silhouettes  on the  mice  from  each 
group killed and stained on the  14th and  18th day after plating; and,  in dark 
grey, those  on the  two survivors from each as drawn through closely clipped 
skin after 26 days. The smallest tumors were found near larger ones and rarely 
in the intervening  expanses  which were searched  as well although apparently 
tumor-free. Tumors were established in all groups; but it is clear that the largest 
and the most were in the mice whose connective tissue had been split 1-4 days 
before plating;  while  the  yield in the  mice prepared  15  days before  had  not 
quite fallen to that in the intact controls. 
This  established  the advantage of presplitting  the subcutaneous  tissue  into 
which  the  plated  tumor  cells  would be received.  But  the  adjuvator  effect of 
presplitting stopped far short of the goal of truly cellular analysis. Would the 
provision of additional  nourishment  for the cells  advance us towards it? This 
question is answered by the experiments of part III. In them,  (with the excep- 
tion of Experiment  8 where an unsplit control was necessary), cell suspensions 
were plated into mice whose connective tissue expanses had in every case been 
split 4 days before. 
III.  Providing Nourishment for the Plated Cells 
Single  cells  can be cultivated  in vitro on exquisite  adjustment  of their  me- 
dium  (10)  or alteration  of their  environment  by an established  population of 
other cells (11). Natural mechanisms regulate adjustment  on the subcutaneous 
expanses, but the plated cells are poorly fostered in comparison with those cul- 
tured on a feeder layer. The connective tissue has few cells and although all its 
elements  can proliferate luxuriantly they are not stimulated  to do so by mere 
cleavage.  Might  not fragments  of nontransplantable  tissue,  injected  with  the 
plated cells, provide what single cells need in order to proliferate? 
Preliminary tests showed no useful effect from preparations of mouse kidney. Some 
help was given the tumor cells by mouse muscle, mouse brain, the tumor tissue itself 
although boiled to kill  it, and by tumor tissue from two rabbit carcinomas. But an 
adjuvator effect surpassing all these in magnitude and reliability was found in mouse 
liver. 
Early experiments  with liver parenchyma were marred by severe bile cellu- 
lifts,  but  this  was avoided by letting  the  coarsely fragmented liver soak after 
the gall bladder and most blood had been removed. The dying liver ceils washed 
free of bile could be injected without causing harm to the mouse and permitted 
a  test of their usefulness. 
Experiment 6.  Testing the effect on plated cdls of liver injected w~th them: A coarse hash of 
liver, 15 g in all, from 10 young adult mice, was soaked for a total of 30 rain in several changes 
of E solution at 37°C, ground in a TenBroeck grinder  ~ and suspended in 30 cc of SS solution. A 
9 TenBroeck tissue grinder, Kontes Glass Co., Vineland, N.J. JAMES  S.  tZENDERSON  81 
5/z filtered tumor cell suspension was submitted to successive tenfold dilutions with SS solu- 
tion, and from each diluted sample 10 cc was withdrawn  and  halved.  Thus  were  made  six 
pairs of tumor cell suspensions  of 10 times fewer tumor cells in the same volume. To one of each 
pair 5 cc of the liver suspension was added and to the other 5 cc of SS solution. All these final 
suspensions were plated  into  equal  groups of female weanlings. Each mouse received  1  cc, 
TExT-FIG. 3. (Experiment 6).  Tumor growth  from  1  cc  of cell  suspension after  37  days 
(solid line) and after 76 days (broken line) in the mice still surviving. The group of mice in the 
left half of the chart show that when fewer cells had been scattered over the same area fewer 
tumors grew, and those that did reached visible size later. Study of the right side of the chart 
will show that the same was true when liver had been added to the cells about to  be plated 
but that in this case their yield was increased to an extent offsetting a  thousandfold drop in 
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which when it contained liver did so in an amount equivalent to 250 mg of that organ's origi- 
nal wet weight. 
Text-fig. 3 shows,  darkest, the tumor masses visible through  closely clipped 
skin  after  37  days  and,  lighter,  those  in  the  mice  which,  having  received 
fewer  tumor  cells, survived  76  days.  Where  liver had  been  added  to  it,  the 
same number of tumor cells gave more tumors and bigger tumors: both the 37 
day growth and the 76 day growth showed an improvement in the yield, better 
than thousandfold, on the addition of liver. Most of the mice which had growths 
visible by the 37th day were killed soon after. Dissection of them showed that 
the charted tumor masses had resulted from growth and combination of a myr- 
iad of smaller tumors.  And,  in addition, there were found,  between  the large 
tumor aggregates, many tiny discs of tumor tissue, some no more than 1 mm in 
diameter. These too were more numerous in the liver-assisted groups. 
This experiment showed that liver could be used to augment the number of 
cells successfully plated. Was its adjuvator effect a direct one on the tumor cells 
and connective tissue expanses? 
Three experiments together showed that it was. In Experiment 7, liver was injected 
into the subcutaneous tissues of the bellies of mice receiving tumor cells plated in the 
usual way. In Experiment 8, liver was injected into the dorsal subcutaneous tissues 4 
days before the plated tumor cells, i.e. at the usual time of preparatory splitting of the 
connective tissue expanses. In Experiment 9, liver was injected over the expanses onto 
which the tumor cells had been plated 30 rain before. In all these, liver was without 
effect on the tumor yield. 
Thus the advantage from liver came from its presence in the connective tissue 
expanses at the time of plating, or from its contact with the plated cells about 
that time. In what concentration would it be most effective? 
Experiment  10.  Testing  the effect of different concentrations  of liver  on different  concentrations 
of tumor  cells:  Liver, hashed and ground  exactly as in  Experiment 6, was suspended in  SS 
solution in threefold dilutions to contain per cc the equivalent of 350, 117, 39, 13, and 4 mg of 
original wet-weight. A suspension of trypsinized tumor cells, 5/z filtered and then tenfold di- 
luted in series, was plated with each titer of liver and with SS solution control. 
Text-fig. 4 shows,  darkest, the tumors that  formed in 21  days; and,  lighter, 
the growths after 32 days in mice surviving then, many of which growths had 
not been visible through clipped skin at 21  days. It is clear, as will be seen by 
looking along the  middle and  bottom  rows,  that  the yield from  100,000  and 
10,000 cells was increased when liver was added, especially if not more concen- 
trated than 39 mg per cc. A  look down the left column shows that  the tumor 
cells in SS solution as such grew well when  1,000,000  of them were plated, so 
well in fact that  no  room  remained for augmentation  of their success  on  the 
addition of liver. Looking along the top row to confirm this shows also that the JAMES  S.  HENDERSON  83 
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highest concentrations  of liver had been harmful.  Deaths,  all within  12 hr of 
plating, are grouped among the mice injected with the most tumor cells accom- 
panied by the strongest liver. 
This experiment showed that the adjuvator effect of liver persisted in dilu- 
tions  approaching  1:100  and  perhaps  beyond,  and  that  it  was  lessened  or 
masked by an adverse effect which killed more than half the mice when as much 
as 350 mg of liver accompanied as many as 1 million tumor cells.  Could an ad- 
juvator principle be more closely sought in dilute liver preparations of different 
kinds? 
Experiment 11.  Testing for adjuvator in the fat-free part of liver:  10 mouse rivers, after soak- 
ing in E solution, were hashed and ground in a TenBroeck grinder, and the 12 g of material thus 
Spinner  salt solution  FAT-SOLUBLE  fraction  FAT-FREE fraction  60 mg WHOLE  LIVER 
(control)  from 60 mg  LIVER  from 60 mg LIVER 
Day 25  Day 55  Day 25  Day  55  Day 25  Day 53  Day 25  Day 33 
C,,\ 
rk/ 
//q•\ 
0 
°o  ]" 
TExT-FIe. 5. (Experiment 11). Growth from 1 cc injections of suspended tumor ceils from 
the 25th to the 33rd day. The tumor cell suspensions  also contained fractions of the same river 
preparation separated by their solubility in alcohol-ether. Clearly most if not all of the adjuva- 
tor pertains to the fat-free material. JAMES  S.  HENDERSON  85 
obtained was halved. One half was then ground in a mortar with a mixture of 95% ethanol, 2 
parts,  and ether,  1 part, at about 0°C. It was then filtered through  cheesecloth and filter 
paper, 1° 250 cc of the alcohol-ether mixture being used for the entire separation. The fat-free 
residue was retrieved partly from the cheesecloth and partly from the paper. When dry it was 
ground through 0.6 mm Monel metal mesh and suspended in 90 cc of SS solution. The filtrate, 
flash evaporated at 37°C left a milky fluid. This, dried in a stream of nitrogen, was then sus- 
pended in 90 cc of SS solution. The other half of the original liver hash was suspended in a 
third  90 cc volume of SS solution. A 5/t filtered suspension of trypsinized tumor ceils was 
plated with each of these three preparations and with liver-free SS solution as a control. 
Text-fig. 5, depicting the tumor growth, as seen through closely clipped skin 
on the 25th and 33rd days, shows that the cells plated with the fat-free fraction 
of liver thrived almost as well as those plated with whole liver, while an equal 
plating with the fat-soluble fraction did no better  than that  with SS  solution 
alone. 
Clearly most of the adjuvator is retained in liver from which fats have been 
extracted. 
DISCUSSION 
The breast tumor, used in all these experiments,  had arisen in a multiparous 
mouse and was of the "milk factor" type. It was composed then of highly vari- 
ous  neoplastic  components,  evident  in  the  sections  made  of it,  and  some of 
these persisted,  in its growth on transplantation,  through many generations of 
mice (see Figs. 3 and 4). While variation might have been expected during its 
maintenance,  this  possibility  does  not  alter  the  interpretation  of the  experi- 
ments, for in each of these the tumor generation used provided its own control. 
But,  in fact no variation showed. The whole family of neoplastic components 
demonstrated  great constancy in structure  and behavior, n  through 28 genera- 
tions  of  plating,  although  transplantation  by  this  means  gives  new  variety 
every chance of appearing. This illustrates again, as did the previous study (1), 
that the well known pleomorphism of mouse mammary cancers is not hetero- 
plasticity but true heterogeneity. 
At what point in their  development does heterogeneity come into such tu- 
mors? The question relates  to that of tumor origin: Whether from one cell or 
several has been debated  since it  was realized  that  tumors  consisted  of cells 
growing  of  themselves.  It  is  possible  that  the  repeatedly  plated  population 
changes, along several strictly defined paths, from one stem. But such constant 
heterogeneity and absolute stability point more strongly to a multicellular ori- 
gin of the  tumors  studied,  with  all  of their  heterogeneity  in  them  from the 
start. 
l0 Analytical filter paper No. 576. Schleicher and Schuell Co., Keene, N.H. 
11 In addition, Dr. James German has found what appears to be the normal chromosomal 
complement for this species (40 acrocentric chromosomes) in cells in metaphase derived from 
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Direct proof in such matters needs total cellular analysis of tumors. And this 
demands the procurement of their every cell as an individual for transplanta- 
tion to form clonal growths. The cells harvested as stain-resistant  individuals 
during 6 hr of agitation with trypsin in Experiment 3 were about one-tenth of 
the  number residing in the tumor.  This seems far short of the  ideal of total 
procurement but takes no account of the proportion of them destined  to die 
anyway. The fact that the many cells given off most readily do not give the 
greatest transplanted growth, as shown in Text-fig. 1, suggests they are mostly 
of this sort. The last cells to come off, when coarsely fragmented tumor tissue 
was exhausted of cells,  were most transplantable,  as shown in the same chart. 
These last cells might have had the richest milieu despite changes in suspending 
solution; or they might have adsorbed most trypsin which would then act on 
the substrate of their new environment to their immediate advantage; but most 
likely those reached last, or last dislodged, by the trypsin, were the basal cells, 
and it is in them that the greatest reproductive vigor lies. The possibility must 
also be considered that the  transplanted  cells,  coming as they do from a  virus- 
bearing tumor, might be carrying a cocarcinogen to the cells of their new hosts, 
which already have an inapparent infection with the same virus. Tumors aris- 
ing anew however would not be so likely to mimic exclusively the characteris- 
tics of the donor tissue. 
Clearly  long  trypsinization  is  no  threat  to  viability.  But  does  it  increase 
mutation,  for this too would spoil its usefulness in cellular analysis? Edwards 
and Fogh (12) described structural changes from trypsin in human amnion cells, 
and Levan and Biesele (13)  showed five times more chromosome breaks in tis- 
sue culture cells when these were dispersed by trypsin. Yet Madden and Burk 
(3) showed unaltered respiration and glycolysis in trypsinized cells and Boyse 
(8) showed no change in their antigenicity. In the first two instances the cells 
studied were a sample of all those trypsinized, in the last two only those cells 
which survived trypsinization could contribute to the results. The experiments 
of this paper fall in with these latter. As would be expected, gross changes in 
chromosomes and cell structure are not expressed in the surviving population 
of cells,  selected first for capacity to form a tumor in the original host and then 
for transplantability into other mice. How many ceils are damaged irretrievably 
by trypsin I do not know yet, but the number perishing by any other means of 
dispersal tried, to my knowledge, was far greater. 
Certain other features of the trypsinization procedure,  while not increasing 
the  number of cells  procured  as  stain-resistant  individuals,  did  improve the 
purity with which such cells were obtained. The trypsin itself ruptured many 
of the stainable cells (see Figs. 1 and 2) as was suspected by Madden and Burk 
(3), and debris was poured off with the trypsinous supernate after centrifuga- 
tion. Also, stainable cells, or those about to become stainable, stuck strongly to 
the milky clot which formed from the glairy, mucous residue on addition of SS 
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clot, then discarded, had served as a prefilter. Persistent clumps of cells were 
removed by filtrations. 
Thanks  to  the incidental scavenging effects mentioned above,  fine filters 
could be employed. Seal (14) has gained considerable experience in their use for 
another purpose: with a sieve of plastic through which direct pores from 3 to 5 
have been etched, he can select and retain all the cancer cells from a sample of 
blood. But my aim was to allow passage to all isolated cells while holding back 
those that still cohered. MiUipore  filters, much used as an aid in  exfoliative 
cytology, retained nearly all the cells even in 10 ~ pores. Porous steel, on the 
other hand, proved most useful. It held back all cells not yet in the single state. 
Some of the stain-resistant single cells were lost in it too but passage of MT 296 
suspensions through porous steel filters of 20, 10, and then 5 ~ pores diminished 
much more markedly the proportion of stainable ones. Living cells can sustain 
a considerable degree of distortion, and the single MT cells were easily squeezed 
through pores as little as one third their free-floating diameter. This elasticity 
was not matched by those of their fellows which would have been stainable. 
Either these were too rigid to pass through or were more fragile and disinte- 
grated under this final insult. The filters could be used repeatedly provided they 
had been wet beforehand with SS solution and were back-flushed with DNase 
afterwards. 
In contrast to previously reported work (1),  tumors for the present experi- 
ments grew from single ceils injected as such. Attention was drawn, in the de- 
scription of Experiment 6, to the tiny tumors often found between the larger 
masses. While abounding in mice killed early they were never found in mice 
killed in the last stages of the experiment: the connective tissue expanses be- 
tween the comparatively isolated tumors in long survivors were bare of other 
transplants.  Surely these tiny tumors represented growth from the smallest 
implants to achieve separate establishment; and it was doubtless such as they 
which enlarged to form the isolated growths becoming visible only later in the 
most sparsely plated instances. In mice of the last group, which received about 
10 tumor cells each, liver aided establishment by what must have been very 
small groups of cells or even individuals. 
On plating visible tumor fragments (1), and on orthodox trochar transplanta- 
tion, large numbers of cells are made to lie together. I can only guess how much 
of their survivors' success is owed to mutual support and how much to help 
from the product of their dying colleagues. Likewise, on plating very heavy 
suspensions of individual cells, as in the mice on Text-fig. 4 top line, ubiquitous 
functional clumping and/or support from large numbers of their dying fellows 
provide maximum tumor implantation over all the expanse. On plating sparser 
suspensions of individual cells, intrinsic effects are diminished so that additional 
ones from other sources have a  chance to show by increasing tumor yield, as 
seen in Text-fig. 3 and along the middle and bottom lines of Text-fg. 4. 
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can be evoked by splitting the latter with E  solution and air. Their effect is 
greatest, as will be seen in mice 3, 9,  15, 21, 4,  10,  16, and 22 on Text-fig. 2, 
when plating is done on expanses split from 2 to 4 days before. Although in- 
flammation and repair are not made evident by this slight trauma the timing 
of this implantation enhancement suggests that they are connected with it. 
Additional adjuvator  effects are obtained by the injection of preparations 
from a variety of nontransplantable tissues. Those from liver have been studied 
most and a start has been made with closer identification of the principle by 
the demonstration that it is not fat-soluble. 
How liver acts remains  a  matter for conjecture but what it does is  clear. 
Text-fig. 3 shows two consequences of scattering fewer tumor ceils over con- 
nective tissue expanses of similar area: fewer tumors grow, and their appearance 
is delayed. The effect of fiver, as this chart also shows, is to offset both these 
consequences of sparser plating. Study of Text-figs. 4 and 5 as well, shows that 
after becoming visible through closely clipped skin the tumors grow at the same 
rate, whether derived from many cells or few and whether aided by liver or 
not. The adjuvator effects shown are certainly not long-acting accelerators of 
growth. It is quite likely they are pure aids to implantation. 
SIYMMAR¥ 
The cells of a mouse mammary cancer were obtained with enzymes in sus- 
pensions which could be filtered to exclude all which were not single and most 
which were already dead. 
Heavy suspensions of these individual cells were plated over the dorsal sub- 
cutaneous expanses of female weanling mice where they implanted and grew to 
form coalescent tumors covering the back more or less entirely. 
Sparser suspensions, similarly plated (a) gave rise to fewer tumors, and (b) 
gave rise to tumors reaching measurable size later. 
These two consequences of sparser plating left room for the testing of adju- 
vators to transplantation. 
Adjuvator effects  were obtained by  splitting the subcutaneous expanses before- 
hand and by injecting fiver along with the plated cells. 
Through 28 plated generations over 4 yr the tumor maintained completely 
stable, morphological heterogeneity. 
These findings with a complex tumor indicate strongly that its heterogeneity 
comes not from repeated cellular mutation late in its development, but from 
diverse potentiality to give rise to cells of specific and differing character, in- 
herent in its individual cells at the time of its multicellular origin. 
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EXPLANATION  OF PLATE  5 
FIG. 1.  A trypan blue-stained  drop of 50/z sieved, E solution suspension of cells ob- 
tained by hashing a 29th generation MT 296 growth with knives. Stain-resisting cells 
A and B are made easily visible only by the refractility of their membranes in light 
through a small aperture. A third cell C has stained lightly, and a fourth D has stained 
heavily. Several  other cells, obviously damaged, have stained as much as C but are, 
in addition, considerably swollen.  X 470. 
FIG. 2.  The same field photographed again after 30 sec during which time crystals 
of trypsin had been gently blown onto the drop. The stain-resistant cells A and B are 
unchanged as is the lightly stained one C. The darkly stained one D is more swollen 
than before and the other stained cells of Fig. 1 have undergone complete dissolution. 
This shows that the paucity of stained cells in trypsinized suspensions (see Table II) 
must be ascribed, at least in part, to trypsin dissolving them.  ×  470. 
Fins. 3 and 4.  Two tumors in the same mouse, which had been plated 40 days be- 
fore with a 10 > filtered suspension of trypsinized eighth generation MT 296 cells. Each 
exceeded 1 cm in diameter and yet consisted of one tumor component. That in Fig. 4 
is a pure instance of broad-banded carcinoma (1)  while that in Fig. 3 is solid alveolar 
carcinoma. Each must  have  come  from  a  few  cells  at  most and  these  must have 
given rise only to their own like.  ×  8.4 THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  125  PI~ATE 5 
(Henderson: Adjuvators to tumor plating) 